Reliable service provisioning in car-to-car networks is challengng because the environment is very ynamic and network topologies are changing rapidly, hence making communication unreliable. For servicelevel fault-tolerance, the service needs to be replicated onto several vehicles. For state-full services with dynamically changing state, a careful choice of the replica servers is necessary due to the dynamically changing properties of the communication paths between them. This paper proposes and analyzes a heuristic metric called geocost that aids the selection of replica candidates based on information about speed and direction of the cars. The analysis in simulation experiments shows that the proposed heuristic is performing equally well when compared to an existing approach based on a snapshot measurement of network delays. The difference between the existing metric and geo-cost is the feasibility of geo-cost compared to network delays that are often halid to determinie.
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INTRODUCTION
Future automotive traffic will make increasing use of car-to-car communication. We foresee that as ad-hoc communication protocols mature the applications that use the car-to-car network will have a need for dependable communication. Services like traffic information systems 9, 3] , fleet control and in-car entertainment systems will need dependable communication. Since the applications are runnning in cars the dependability of the applications can potentially influence the dependability of the car which means that it can be a matter of life and death. The most basic case of dependability improvement is replication. In case there is a failure in the original a replica can be used. For For the optimization criteria: minimizing the end to end delay between all nodes in the group, the task of determining an optimal partition of the ad-hoc network in replica groups is algorithmically difficult (np-complete), so that heuristic algorithms need to be utilized see [6] . The algorithms in the latter reference were analyzed assuming (snap-shot) knowledge of the network delays, which in practice are hard to obtain, since they would require periodic measurements of round trip times between all pairs of nodes in the ad hoc topology.
Assuming that cars carry GPS receivers, reasonable accurate positioning information is available (locally in the nodes) as well as information about speed and driving direction. This information can be exploited as a new geo-cost metric for replica group formation, as presented in this paper. The rest of the paper is organized as follows:
In Section 2 the scenario will be described. This description will be followed by Section 3 where the Fig. 1 . Picture of the scenario. new geo cost metric is defined which is input for the group-formation algorithm.Section 4 defines the parameters for the evaluation and methods for result comparison. Section 5 presents an analytic analysis of the simulation results. In Section 6 the resuits of the simulations are discussed. Finally Section 7 concludes the paper.
SCENARIO DESCRIPTION
The scenario investigated in this paper consists of cars travelling on roads as illustrated in Figure 1 for message at the master, send it and process it at the replica. So the processing time at the master the replica and the end to end delay determines the probability of measuring inconsistency [8] .
METRICS FOR SUBSET CREATION
The subset creation scheme proposed in this paper uses a division alciorithm to divide the servers into state sharing groups. In [6] such algorithms were analyzed, assuming knowledge of the end-to-end delay between each node pair. Obtaining the delay information however, introduces some overhead as discussed in Section 6. For the purpose of subset division based on easily available metrics, a heuristi geo-cost metric is proposed that is determined dased on the position, direction and speed of the nodes. The geo-cost metric will favor nodes that are geographically close and that belong to a group of nodes moving jointly in approximately the same direction at approximately the same speed. Although geographic closeness, does not necessarily imply short path-lengths in the multihop topology, this heuristic aims at stabilizing the inconsistency level.
In the proposed solution all servers are sending information about their speed and position to the controlling server, in regular intervals. The controlling server updates a geo-cost matrix C when the information arrives. The information obtained by the controlling server is used for forming state sharing groups.
In the following the process of forming the replica roups is explained. The formation of groups is one with a heuristic approach base on the geo-cost metric. It is assumed that all cars have sent at least one message to update their speed, direction and position to the controlling server. The distance between the cars is projected A seconds into the future. The instantaneous and the future distances plus the difference in speed of the vehicles is summarized in a single geo-cost value for each node-pair, accumulated in the (here symmetric) matrix C:
The last term in the Equation is added in order to emphasize the projected change of the distance if the change is to the worse. This means that the geo-cost is higher if the nodes are moving away from each other than if the nodes were to keep the current distance. C is the input to an algorithm that forms subsets such that the sum of the cost-values between node-pairs in a subset is minimized. (2) Heuristic based on distance, speed, and direction: as described in the previous section.
For each node pair (i j) the geo-cost value is determined according to Equation (1) and saved in the cost matrix. After the cost matrix has been determined, the heuristic SOPCS algorithm from [6] is used to form the partition of the nodes into replica subsets of constant size (here of size 4). Then the actual network simulation starts, simulating replica update messaees with appropriate network delay measuring inconsistency between the master node and its replicas. Figure 3 shows an overview of the overall approach for the two cases. New black-box data is assumed to be available at the master node here the time between data generation is distributed according to a Poisson 
ANALYTIC ANALYSIS OF INCONSISTENCY PROBABILITY
In [4, 7] timely remote-access to dynamically changing infoirmation elements is analyzed analyticly. The calculation of the so-called mismatch probability for the proactive event-driven information access in that reference corresponds in fact to the inconsistency metric as used here. However, the analytic solutions in [4] only apply in the current form to server sets of size two. In that scenario, and when the changes of the application state occur according to a Poisson process (as assumed also in the previous analysis of this paper), the inconsistency or mismatch probability can be calculated as:
PT ncons) I -c AD [4] for scenarios of subsets of larger size are for future study.
DISCUSSION OF EVALUATION RESULTS
The figures 4 and 5 show the measured inconsistency levels for two experiments with the same initial topology and the same delay settings. The difference in the fihures is that in Figure 4 the Vlaking a detailed comparison of the inconsistency levels for the two input types will not lead to a meaningful conclusion. The subsets have been formed using a heuristic algorithm. This algorithm was given a heuristic input. In the geocost case (Eq. (1)) the term including the sign of the difference between the actal distance and the estimated distance could be made more or less significant.
The most important conclusion is that the topology based geo-cost metric performs as well as an input for the subset division algorithm as end-toend communication delays. It is more feasible to use position and speed compared which is already available compared to measuring end to end delays between all nodes in the car-to-car ad-hoc network.
With the geo-cost metric, the direction, position and speed are locally available at the cars and The geo-cost metric has the added benefit that it tries to predict the short term developments of the network topology. Hence in some cases it can save the effort of some group reconfigurations.
In Figure 4 the number of reconfiurations when using delay as input-metric is 15 while the number of reconfigurations when using the geo-cost metric is 6. In the particular case of Figure 6 the geo-cost metric has the added benefit that the values generated are within a range where the SOPCS alcorithm produces very good subsets. In several cases the eo-cost metric has proved to outperform the demly metric for certain topologies. Ficure 6 is an example of such a case. The delay settings for the experiment depicted in Figure 6 are: Dh 40ms. In Figure 7 the mean inconsistency levels are depicted for different link delays: each point in the graph is the mean estimator from 20 simulation runs. Both cost functions perform almost equally well, with slightly lower inconsistency estimates for the geo-cost based approach.
SUMMARY AND OUTLOOK
The proposed use of a heuristic cost value, called geo-cost, based on geouraphic distance, speed, and
